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Determining known-group validity and
test-retest reliability in the PEQ
(personalized exercise questionnaire)
Isabel B. Rodrigues1* , Jonathan D. Adachi2,3, Karen A. Beattie2, Arthur Lau2 and Joy C. MacDermid4,5
Abstract
Background: To determine the known-group validity, a type of construct validity, and the test-retest reliability of a
newly developed tool, the Personalized Exercise Questionnaire (PEQ), that assesses the barriers, facilitators, and
preferences to exercise in individuals with low bone mass and osteoporosis.
Methods: A comparative design was used to assess known-group validity and a test-retest design to examine the
reproducibility. Ninety-five participants with low bone mass and osteoporosis were recruited from an outpatient
clinic in Hamilton, Ontario. The questionnaire was administered to 95 participants at baseline and a subset of 42
participants completed the survey again one week later. The known-group validity of the PEQ was determined
using four hypotheses that compared two known groups based on employment level, age, socioeconomic status,
and physical activity level. The reproducibility of individual responses was analyzed using the Kappa Coefficient (κ).
Results: There was known-group validity for three of the four hypotheses. Test-retest reliability scores ranged from
no agreement to almost perfect agreement; seven items had almost perfect agreement (κ: 0.81–1.00), 12 substantial
agreement (κ: 0.68–0.74), six moderate agreement (κ: 0.56–0.60), two fair agreement (κ: 0.36–0.40), one slight
agreement (κ = 0.23) and one no agreement (κ = − 0.03).
Conclusion: Preliminary support for the usefulness of the PEQ is indicated since the majority of the items had at
least substantial agreement and known-group validity was moderately supported for some items.
Trial registration: This study was retrospectively registered with ClinicalTrials.gov, NCT03125590, on April 24, 2017.
Keywords: Exercise adherence, Barriers, Facilitators, Preferences, PEQ, Validity, Reliability
Background
Regular physical activity is an important component for
maintaining a healthy lifestyle and an essential factor for
prevention of osteoporosis. Yet, despite the well-known
benefits of regular activity, surveys found more than 60% of
adults do not engage in regular exercise and 31% do not
participate in any activity [1]. A systematic review published
by our group reported adherence rates to exercise in people
with osteoporosis to be between 52 to 100% [2]. One
method that might increase exercise adherence is to under-
stand the factors that affect the motivators, barriers, and
preferences to physical activity and employ methods to
leverage facilitators and preferences and limit barriers to
create customized exercise programs [1]. Questionnaires
are the most frequently used method of data collection in
the field of rehabilitation science and the most feasible op-
tion to survey large populations [3, 4]. These self-report
questionnaires may be one method to collect data regarding
factors that affect exercise adherence. Understanding the
factors affecting exercise adherence may help develop tar-
geted interventions that increase the quality and delivery of
physical activity programs in the research setting and in
clinical practice. [4]. A growing body of literature has exam-
ined levels of physical activity among different populations
using self-reported questionnaires and there is an increased
interest to integrate patient-reported outcomes into clinical
practice [3].
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Exercise is widely recommended to reduce the effects of
osteoporosis, falls, and related fragility fractures and a
number of systematic reviews found weight-bearing exer-
cises help maintain or increase bone mineral density
(BMD) in the hip and spine of women with low bone mass
[5–8]. The effects of exercise are not only concentrated in
reducing the consequences of osteoporosis but also play
an important role in improving daily activities [9]. A re-
cent systematic review found exercise also improves activ-
ities of daily living (e.g., dressing, bathing, etc.) in
participants with osteoporosis [9].
We previously described the developmental process
and content validity of the Personalized Exercise
Questionnaire (PEQ); a self-reported survey that
assesses the motivators, barriers, and patient prefer-
ences to exercise [10]. Although a previous tool (the
Exercise Benefits/Barriers Scale or EBBS) exists, it
does not cover some of the most frequently reported
barriers in older adults such as lack of interest, lack
of transportation, pain, disliking going out alone, etc.
The EBBS also has minimal focus on the specific
type of exercise that would be preferred, and so the
PEQ was developed from a number of systematic
reviews, expert advice, and participant feedback to
address these issues [10]. In a previous paper, the
PEQ demonstrated high content validity of individual
items (I-CVI range: 0.50 to 1.00) and moderate to
high overall content validity (S-CVI/UA = 0.63; S-
CVI/Ave = 0.91) among healthcare providers [10].
This article describes the sequential steps in the test-
ing of the PEQ using data collected from patients
with low bone mass or osteoporosis. The purposes
of this study were to describe the:
1. Cross-sectional construct validity by testing
differences between two or more groups with
expected differences to establish known-group
validity [11];
2. Test-retest reliability of individual items of the PEQ
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The personalized exercise questionnaire
The final version of the PEQ consists of 6 domains and 38
questions (35 categorical questions and 3 open ended).
Open-ended questions prompt the individual to identify
up to three items that facilitate or prevent physically active
and may provide a unique way of integrating more infor-
mation that may not have been captured through closed-
ended questions. The other 35 questions were categorized
in 6 domains: 1) my support network (e.g., healthcare pro-
vider, family, or friend’s attitude toward exercise), 2) my
access to exercise (e.g., location, transportation, or cost
barriers), 3) my exercise goals, 4) my exercise preferences,
5) my feedback and tracking (e.g., technology use), and 6)
my exercise barriers [10]. Rather than obtain a total score,
a summary score for each domain should be calculated
and interpreted separately since each domain score
provides valuable information. For example, section one
(my support network) has three questions to determine
the strength of a person’s social network and can have a
maximum score of 3, where “no”, “not sure”, and “not ap-
plicable” receive a score of 0 for each item, and “yes” a
score of 1. If all three items are marked “yes” the score is
3, if only two are marked “yes”, the score is 2, and if only
one is marked “yes” the score is 1. A score of 3 indicates a
strong support network and evidence suggests that insuffi-
cient social support for exercise in older adults is a key
barrier to participation in an exercise program [12]. More
information on scoring can be found in Appendix A.
Data collection
Study procedures
A convenience sample was sought at the St. Joseph’s
Healthcare Hamilton centre. Medical records were
accessed for the purpose of identifying and recruiting
participants and all procedures followed the HIPAA reg-
ulations and were approved by the Hamilton Ethics
board. Eligible participants were directly identified in the
clinic by their rheumatologist (JA or AL) based on the
following inclusion criteria: 1) able to provide informed
consent, 2) ≥ 18 years old, 3) diagnosed with low bone
mass or primary osteoporosis (T-score < − 1.0) at the
lumbar spine or femoral neck, and 4) could comprehend,
read, and write English. Participants with a cognitive im-
pairment were excluded. Patients were recruited non-
consecutively from March 13, 2017 to May 3, 2017 at
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the St. Joseph’s Healthcare Hamilton Charlton Campus
rheumatology clinic.
Eligible participants were quickly briefed about the
study by their rheumatologist (JA or AL) and potential
participants who indicated they would like to hear more
were introduced to the research assistant (IR) who went
over the study protocol and invited them to complete
the questionnaire. Willing participants then signed a
consent form and completed a demographic survey and
the PEQ either in the clinic or at home. Participants
were asked to answer items based on their current living
conditions. The majority of participants who finished
the survey in the clinic were asked by IR whether they
would complete the same questionnaire 7 days later.
Those who agreed were given the PEQ in a self-ad-
dressed, return envelope. Participants’ records were de-
identified and distinguished using Personal Identification
Digits (PID). A PID was written on each form on the top
left corner of the demographic survey, the PEQ, and re-
turn envelopes. Nonrespondents were contacted by tele-
phone 30 days after their initial visit.
Sample size
Two sample sizes were calculated, one for the known
group validity study and the other for the reliability study.
A two-tailed test with a power of 80%, α = 0.05 and a
dropout of 20% requires at least 114 participants for the
comparison study. The sample size required to estimate
the intra-rater reliability coefficient at a 0.05 level of sig-
nificance and 80% power is 46 (p0 = 0.8; p1 = 0.9) [13]. A
higher p0 indicates greater reliability, with p0 = 0.8 indicat-
ing the highest acceptable level of reliability [13].
Measurement properties
A cross-sectional, comparative design was used to test
the known-group validity and a test-retest design to test
the reproducibility of the PEQ in participants with low
bone mass or osteoporosis. All statistical analysis were
computed in SPSS version 22.
Known group validity
This type of construct validity measures an instrument’s
ability to distinguish among distinct groups [14]. Group
differences were determined using the chi-square test of
independence followed by post-hoc analysis. Four hy-
potheses were identified a priori to determine known
group validity:
1. Participants working full-time are more likely to
report time as a barrier to exercise [15, 16];
2. There is no difference between group-related
intervention strategies amongst older adults (65 and
older) and middle aged adults [17];
3. Participants from a lower socioeconomic status
(SES), less than <$20,000, are more likely to report
finances as barrier to exercise [16, 18, 19];
4. Participants with a safe place to exercise (i.e.
proper space to exercise, dry and clean floors,
good lighting, etc.) are more likely to be
physically active [15];
Chi-square tests were used since variables were nom-
inal and the phi coefficient (also known as Choen’s w)
was used to calculate effect size. A phi coefficient be-
tween 0.10 to 0.30 is considered small, 0.30 to 0.50 mod-
erate, and greater than 0.50 large [20]. Question 34 was
used to evaluate hypotheses 1 and 4, question 22 hy-
pothesis 2, and question 7 hypothesis 3. In question 7,
items marked “yes” were considered safe while “no” and
“not sure” considered unsafe.
Test-retest reliability
This is a measure of stability of an instrument over time
through repeated testing and is assessed at two different time
points. Participants were given the PEQ at baseline (day 1)
and then asked to repeat the same survey again 1week later
(day 7). Seven days were chosen to give participants enough
time so they would not remember their answers from the
initial assessment. Although the Intraclass Correlation Coef-
ficient is effective for quantifying the reproducibility of con-
tinuous data, the items in the PEQ are nominal or ordinal
and was not designed to have a summative score. So kappa
coefficient of Cohen, also known as Cohen’s kappa, and
weighted kappa were used to estimate the chance-corrected
agreement as a measure of test-retest reliability. Cohen’s
kappa was used for domains one, two, four, five and six,
while weighted kappa for section three, which used ordinal
answers. Since kappa can be problematic to interpret when
responses have little variation, percentage agreement was
also calculated. Kappa can range from − 1 to + 1, where 0
represents the agreement occurring by random chance and
1 represents perfect agreement between answers [21]. A
kappa < 0 indicates no agreement, 0.01–0.20 none to slight,
0.21–0.40 fair, 0.41–0.60 moderate, 0.61–0.80 substantial,
and 0.81 to 1.00 almost perfect agreement [21]. Percentage
agreement was considered high if it exceeded 75%, moderate
between 40 and 75% and low if less than 40%.
Response handling
Responses were entered into excel where columns repre-
sented distinct questions and each row a participant. For
example, section one (my support network) had three col-
umns corresponding to questions 1, 2, and 3 and each an-
swer was assigned a numerical value such that “no”
corresponded to “1”, “not sure” to 2, “yes” to 3, and “not
applicable” to 4. If answers were missing, the excel cell
would be left blank and removed from analysis. Questions
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with multiple answers such as those in sections 4, 5, and 6
were recorded differently. For example, section 4, question
19 (“where would you like your exercise program to be”)
has 6 choices, and if “gym” and “community centre” were
checked, these marked answers would be assigned the
value “1” while if unmarked, a value “0”. So the excel cell
for column 19 would be recorded as a binary code
“010100”. In this specific case, since there are 6 choices,
there are 26 = 64 possible binary codes and each code is
assigned a decimal value such that “000000” would corres-
pond to “1”, “000001” to “2”, “000010” to 3, …., and “111,
111” to 64. Conversion of binary codes to single numerical
values make it easier to compare results for test-retest.
Results
Descriptive characteristics
The PEQ was administered to 114 participants and 95
questionnaires and 42 test-retest questionnaires were com-
pleted. Seven individuals declined to participate. General
demographic characteristics are summarized in Table 1.
The mean age of the participants was 66.1 (9.88) with the
majority between 50 to 79, specifically, 4% less than 50,
38% between 50 to 64, 43% between 65 to 79, and 15% 80
and over. Fifty-six participants were retired, 22 worked full-
time, 9 part-time, and 8 did not work due to disability.
Sixty-eight participants self-identified as physically active,
20 as “not active”, and 7 were not sure if they were physic-
ally active. At the time of administering the PEQ, 87 partici-
pants were on medications, most in combination with
vitamin D and calcium. The majority of participants were
on a denosumab such as Prolia (64%) or a bisphosphonate
such as Actonel (23%). Thirty-nine participants were diag-
nosed with osteoporosis of the spine and 56 with low bone
mass of the spine; 25 with osteoporosis of the hip and 70
with low bone mass of the hip. All patients were reported
to be non-smokers. Eleven participants used mobility de-
vices, 4 used a cane, 3 a cane and a walker, 2 a walker, 1 a
wheelchair and a walker, and 1 a wheelchair. There were
no differences in terms of age, gender, SES, and T-scores of
the hip or spine (p > 0.05) between groups that completed
the PEQ in clinic and those that competed it at home.
More than half of the participants had a prior fracture,
some had multiple fractures.
Known-group validity
The results of the chi square test of independence to
determine known group validity are presented in
Table 2. Values with p < 0.05 were considered statis-
tically significant. The first, second, and fourth
hypotheses demonstrate high validity for questions
34 and 22, however there was no support for ques-
tion 7 (hypothesis 3).
Test-retest reliability
Absolute agreement and Cohen’s kappa were calculated
for each item in sections 1, 2, 4, 5, and 6 and a weighted
kappa for each item in section 3. The majority of items
had substantial agreement (19 items) with 10 items had
moderate agreement or less. Results are summarized in
Tables 3 and 4. Reliability was calculated using 42
surveys.
A little less than a third of participants (31%) were in-
consistent with their answers for question 11, and 17% for
question 12. From the participants that answered question
11 differently from round 1 to 2, 38% of this 1/3 selected
“very important” the first time and “somewhat important”
Table 1 Demographic characteristics of participants
Characteristics Number of participants
Age (years) < 50 = 4
50–64 = 36
65–79 = 41
> 80 = 14
Females (n (%)) 87 (92%)




Domestic partnership = 1
Widow/widower = 9
Highest education achieved Grade school = 6
High school = 25
College = 30
University = 34




Household income level < $20,000 = 20
$20,000 – $49,000 = 40
$50,000 – $79,000 = 17
$80,000 – $99,000 = 8
> $100,000 = 5
No response = 5
Employment level Full-time = 22
Part-time = 9
Retired = 56
Not working due to disability = 7
Not working = 1
T-score, hip (SD)/spine (SD) −1.89 (0.74) / - 1.87 (1.28)
Prior fracture 61 (64%)
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the second, and 15% of this same 1/3 selected “very im-
portant” the first time and “not important” the second.
More than half of participants that changed their answers
decided that this goal was no longer important compared
to other goals. Similarly, more than half of participants
(57%) of those that answered question 12 differently (17%)
indicated an option of higher importance the second time.
Flooring and ceiling effects
Flooring and ceiling effects were determined by calculat-
ing the number of people who appear in the lower and
upper 10% of the total score (see Table 5). Only domains
1, 2, 3 and 5 are summative and were included in this
analysis. The last column, “N”, indicates the number of
participants. If at least one item was not answered in a
domain, that individual’s entire response for that domain
was removed from the analysis.
Discussion
There is now strong evidence that regular exercise can
improve health related outcomes in adults and older
adults and there is emerging data for significant psycho-
logical and cognitive benefits accrued from regular exer-
cise [22]. The Canadian Physical Activity Guidelines
recommend adults aged 18 to 64 accumulate at least
“150 minutes of moderate–to-vigorous intensity aerobic
physical activity per week and at least 2 days per week of
muscle and bone strengthening activities” [23]. However,
in 2013 just over two in ten Canadian adults ≥18 years
of age met the physical activity guidelines [24]. To gain a
better understanding of the issues associated with phys-
ical inactivity, this study aimed to validate and determine
the reliability of the PEQ as a tool to assess the barriers
and the facilitators to exercise.
Using the PEQ to understand the factors that influence
exercise behaviours may be one method to increase adher-
ence and create a more individualized exercise program.
Despite the challenges in validating a questionnaire that
captures different facilitators, barriers, and preferences we
were able to provide preliminary support that the PEQ is
able to provide valid and reliable information on these as-
pects. Validity has to be established through multiple evalu-
ations of content, construct, and where possible criterion
validity. In a previous paper, we described the development
of the PEQ and the need to create this tool to address the
gap in the literature [10]. Known-group validity is a form of
construct validity where hypotheses are pre-specified and
then tested to reflect whether a tool is able to differentiate
Table 2 Chi Square values and effect size for known-group validity








Participants working full-time are















There is no difference between group-related intervention strategies between















Participants from a lower SES are














Participants with a safe place













* indicates significant p < 0.05
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where differences are expected a priori. Where a statistical
difference is found, it supports the validity of the tool and
where differences are not significant, either the tool/item is
flawed, the hypothesis flawed, or the power inadequate.
The first hypothesis tested whether participants work-
ing full-time are more likely to report lack of time as a
barrier to exercise. This premise was strongly supported
in the results and the phi coefficient (effect size) sug-
gested a strong difference between these two groups




Section 1: Absolute Agreement Cohen’s Kappa
1 0.98 0.95* High Almost perfect agreement
2 0.78 0.56 High Moderate agreement
3 0.83 0.53* High Moderate agreement
Section 2:
4 0.95 - 0.03 High No Agreement
5 0.76 0.23 High Slight agreement
6 0.93 0.84* High Almost perfect agreement
7 0.98 0.90* High Almost perfect agreement
8 0.83 0.64* High Substantial agreement
9 0.90 0.69* High Substantial agreement
Section 4:
19 0.60 0.56* Moderate Moderate agreement
20 0.83 0.76* High Substantial agreement
21 0.81 0.73* High Substantial agreement
22 0.69 0.59* Moderate Moderate agreement
23 0.57 0.53* Moderate Moderate agreement
24 0.69 0.60* Moderate Moderate agreement
Section 5:
25 0.88 0.74* High Substantial agreement
28 0.93 0.85* High Almost perfect agreement
29 0.88 0.75* High Substantial agreement
Section 6:
32 0.71 0.69* Moderate Substantial agreement
33 1.00 1.00* High Almost perfect agreement
34 0.71 0.69* Moderate Substantial agreement
35 0.79 0.66* High Substantial agreement
* indicates significant p < 0.05
Table 4 Linear weighted Kappa calculations for section 3
(n = 42) * CI 95%
Item Weighted Kappa Interpretation
Section 3:
10 0.68* Substantial agreement
11 0.40* Fair agreement
12 0.36* Fair agreement
13 0.68* Substantial agreement
14 0.81* Almost perfect agreement
15 0.79* Substantial agreement
16 0.86* Almost perfect agreement
* indicates significant p < 0.05
Table 5 Floor and ceiling effects in the PEQ
Section: Flooring (%) Ceiling (%) N
1 14.0 28.0 93
2 1.1 28.3 92
3 0 44.9 89
5 32.6 34.8 89
Rodrigues et al. BMC Musculoskeletal Disorders          (2019) 20:373 Page 6 of 10
supporting the validity of question 34. Past studies re-
port a lack of time is a major barrier to physical activity
participation [2, 25] but one study found lack of time ap-
pears to be an excuse rather than a true reason for not
being active [20]. Approximately 28 h of leisure time
were spent per week doing sedentary activities such as
watching television, reading for pleasure, napping, and
sitting quietly [20]. This item may help clinicians identify
working individuals who have difficulty balancing exer-
cise and work demands and incorporating time manage-
ment strategies to assist participants with integrating
exercise into a busy schedule.
The second hypothesis suggested no difference in ex-
ercise group sizes between older and middle-aged adults
corroborating that item 22 measures the construct it
claims. Although previous papers suggested that older
adults prefer to exercise alone rather than in a group-
based setting, recent findings challenge that literature,
and new studies have found older adults prefer group-
related interventions among people their own age [17].
One reason why older adults may have suggested solitary
exercise programs in previous literature is their per-
ceived view that exercise classes tend to be populated by
individuals younger than them [17]. Beauchamp et al.
(2007) found older adults prefer exercising in a group
setting with individuals their own age [17] and adher-
ence levels tend to be far superior when done in groups
compared to alone [25–27]. Future exercise designs
should use this item to determine group size preferences
for an exercise program and based on the majority, de-
sign an exercise program where participants either exer-
cise alone or with other individuals. Since older adults
prefer to exercise with people their own age, having an
instructor of a similar age to the participants may also
help participants feel more comfortable to exercise.
The inverse relationship between SES and physical in-
activity has been well demonstrated empirically in the
literature [15, 16, 18, 19, 28, 29]. We hypothesized that
participants from a lower SES would report cost as a
barrier, however, found no association between these
two groups. Although the hypothesis was not validated
in this study, we doubt the item itself is flawed. Recently,
three large systematic reviews emerged questioning this
relationship [30–32]. In these reviews, both higher and
lower SES groups reported being physically active but
the higher SES group was more likely to report leisure-
time physical activities such as going to the gym [30]
while those in the lower bracket reported housing or oc-
cupational physical activities such as cleaning or con-
struction work [31]. Taken together, it is possible that
neither the item nor the hypothesis are unreliable since
the type of physical activity was not specified. In
addition, none of the systematic reviews were able to
claim that individuals of higher SES are more active than
those in the lower group. More than half of the partici-
pants were retired or not working due to disability and
reported an income less than $50,000. After removing
the retired respondents from the known-group validity
test, there were still no differences between groups.
Other possible explanations may be that social supports
available through the Canadian government for low-in-
come families can reduce the burden of access to exer-
cise facilities and alleviate some of the costs regarding
exercise programs. This is still an important item to
evaluate and researchers and clinicians should be aware
of subsidies that can influence financial costs of an exer-
cise program.
Environmental correlates of physical activity have gained
attention over the last decade and include accessibility to
a facility, aesthetic attributes, and safety features [15]. The
validity of this item is important since the results provide
evidence that the item measures what it is supposed to.
Environment is hypothesized to influence behavioural in-
tentions based on a meta-analysis that found individuals
with a more positive attitude toward their environmental
surroundings were more likely to accomplish their
intended behaviour [33]. Thus, environmental barriers
should not be ignored when designing future exercise pro-
grams and promoting adherence. Designing exercise facil-
ities that are safe and aesthetically pleasing may be a
simple way to encourage exercise behaviours and the PEQ
can be used to identify this.
The PEQ demonstrates moderate test-retest reliability
with some domains having better reliability than others.
Although some items had a low kappa score this does
not necessarily indicate a low confidence rating in the
item if it has a high absolute agreement score. An item’s
reliability may be questioned when both the absolute
agreement and the kappa score are low. Interestingly,
even though the test-retest setting was different, where
the first survey was completed in the clinic and the sec-
ond at home, most items demonstrated a moderate to
high reliability.
Questions 2 (healthcare’s attitude toward exercise)
and 3 (friends/families attitude toward exercise) had
the lowest scores in the first domain, which might in-
dicate a hidden problem. It has been reported that
79% of Canadians see a physician more frequently
than any other healthcare provider, however, physi-
cians and nurses have the least knowledge and confi-
dence regarding exercise and exercise prescriptions
compared to other healthcare provider [34]. Although
physicians may want to encourage an active lifestyle,
their lack of knowledge and confidence to prescribe
exercise may have been reflected in the respondents’
answers. About 28% of participants selected a differ-
ent answer the second time and there was no pattern
to the selection process; a few participants selected
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“not sure” the first time and “yes” the second, while
others selected “yes” the first time and “no” the sec-
ond. A similar situation may be happening with the
respondents’ family and friends. Participants’ family
and friends may also believe exercise is important,
but may fail to convincingly persuade active participa-
tion in exercise.
Questions 4 and 5 regarding the location of an exercise
facility and transportation demonstrated “no agreement”
and “slight agreement”, respectively. In question 4, the ab-
solute agreement calculation showed 98% of participants
selected the same answer in both rounds and the reason for
the discrepancy between the unadjusted level of agreement
and kappa may be known as the Kappa Paradox. In this
paradox, analysis may show a high value for the absolute
agreement and a drastically low kappa score [35]. Although
a maximum attainable kappa (km) is suggested to fix this
imbalance, it may not solve the paradox [35]. Thus, even
though question 4 has a low kappa, this does not represent
the true precision of the item. Item 5 also demonstrated
low reliability. The absolute agreement calculation showed
77% of respondents selected the same answer in both
rounds. This item may be indicating that transportation
needs fluctuate on a daily bases. The majority of respon-
dents were over the age of 60 and depend on family or
friends to assist them. Transportation has been listed as
one of the major barriers to exercise in older adults and in
the osteoporosis population [36, 37]. Although the reliabil-
ity of this question is low, it is important to examine the dy-
namics of this barrier.
Weighted kappa was used to determine the reliability of
each item in section 3, which ranged from fair to almost
perfect agreement. The lowest subscale scores were in
questions 11 (able to walk longer) and 12 (more flexible).
Participants may have had more time to think about their
goals and reflect on each item since the second question-
naire was completed at home. Older adults leave, rejoin,
and switch exercise classes as their commitments and
interest change with time and one longitudinal study fol-
lowing 541 participants found 21% dropped out of an
exercise program and joined a different program over 3
years [38]. For this reason, exercise goals should be reas-
sessed frequently and individuals should be given the
opportunity to try out different programs.
Section four had a reliability score for each item that
ranged from moderate to substantial agreement. Ques-
tion 23 regarding learning proper techniques had the
lowest reliability score, which was expected since it had
nine options. For this item participants selected one or
two more items the second time. Overall, respondents’
answers were not very different from the first round, dif-
fering by just one or two choices.
Section five regarding feedback and tracking had the
highest reliability, and each item ranged from substantial
agreement to almost perfect agreement. Interestingly,
the majority of participants that selected “yes” to receiv-
ing feedback also selected “yes” to providing feedback
and tracking, while the same pattern was seen for those
who selected “no”.
The last section, regarding barriers to exercise had a re-
liability item score that ranged from substantial agreement
to almost perfect agreement. There was a general trend
where, the second time, participants checked one or two
additional barriers. This also could have happened be-
cause respondents had more time to think about their bar-
riers while completing the PEQ the second time. .
Although ceiling and flooring effects can be an import-
ant consideration for outcome measure questionnaires
they are less of a concern for the PEQ since the purpose
is to identify the facilitators, barriers, and preferences to
exercise. While we were concerned with whether the
questionnaire failed to identify these traits, ceiling and
floor analyses were not the best way to assess the per-
formance of this type of questionnaire. For example, one
barrier is not necessarily a floor effect if it prevents the
person from exercising. Similarly, one significant facilita-
tor may offset many smaller barriers, so, for this reason,
ceiling and flooring effects would be difficult to inter-
pret. While it may be mathematically possible to calcu-
late ceiling and flooring effects, its interpretation may
not be clinically significant.
Despite the substantial work done to validate the
PEQ, its usefulness as a tool to devise facilitators,
barriers, and preferences to exercise still needs more
evaluation. A limitation of this study is that we only
evaluated construct validity of 4 items, and so, these
results cannot be assumed to generalize other items,
although not all items are appropriate for known-
group analysis. The next step should test the validity
of the remaining questions in the osteoporosis
population. One method to test validity is to use a
subclass of construct validity such as convergent or
discriminant validity. For example, convergent validity
for questions 2 (healthcare attitude toward exercise)
and 3 (family/friends attitude toward exercise) can be
validated with the normative beliefs domain in the
Theory of Planned Behaviour Questionnaire. Similarly,
entire sections such as domain 3 (my exercise goals)
can be validated with the Goal Content for Exercise
Questionnaire and question 32 (“I do not exercise as
often as I like because:”) and 35 (“do weather condi-
tions stop you from exercising”) can use convergent
validity analyses to correlate items on the Self-Efficacy
for Exercise Scale. Concurrent validity should not be
used to validate the PEQ since this type of validity
compares items to a known standard and there are
no recognized tools that measure facilitators, barriers,
or preferences to exercise in older adults [10].
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After confirming the validity of all items in the PEQ,
next steps should test this questionnaire in the osteopor-
osis population and identify some of the major facilitators
and barriers and assess different methods to leverage the
motivators and limit the obstacles to exercise. Some bar-
riers, such as being in a wheelchair, would require re-
searchers and clinicians to work with their participants to
find unique methods to mitigate these barriers in an exer-
cise program. Studies using the PEQ can customize pro-
grams and determine its effectiveness to improve exercise
adherence in clinical trials. It is also important to train
and educate researchers and clinicians how to use the
PEQ and help them understand the different factors that
affect adherence. In order to see the full benefits of the
PEQ, it is important that researchers and clinicians work
together with the participants to find solutions to these
factors that affect adherence.
Strengths and limitations
Strengths of this paper include a sample that met sam-
ple size calculations, all patients had a diagnosis from a
single rheumatologist and a single independent evalu-
ator conducted all the data collection. Although this
paper conformed to the highest standards of work, it is
not without limitations. Our test-retest sample size was
estimated at 46, however only 42 surveys were
returned. It is unlikely that 4 more responses would
have changed our conclusions, but some imprecision in
our estimates is possible.
The PEQ was developed and tested using the southern
Ontario population who were mainly Caucasian, so its
validity, reliability, and generalizability in other ethnic or
religious groups are unknown and geographical factors
that affect exercise adherence should also be tested.
These issues should be addressed in formal cross-cul-
tural validation studies. This study also recruited more
women than men, which could potentially impact the
generalizability of the findings to males and many partic-
ipants were retired or not working due to disability and
their reported earnings may have not reflected accurately
their true SES. Lastly, we did not collect information on
those that declined to participate, which may indicate
important differences in their facilitators, barriers, and
preferences towards physical activity.
Conclusion
In this paper, some items in the PEQ demonstrated
known-group validity but the remainder still require testing
in future studies. The questionnaire also established moder-
ate to high test-retest reliability. The PEQ should be evalu-
ated for additional measurement properties, and most
importantly, for its usefulness in exercise prescription and
adherence. Implications of this measure could be useful in
the development of client-centered exercise interventions
for people with low bone mass or osteoporosis.
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